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(54) GAS-BARRIER, MULTI-LAYER HOLLOW CONTAINER 

(57) The invention relates a gas barrier multi-layer hollow container having a multi-layer wall structure that a ther- 
moplastic resin layer is laminated on at least one side of a layer formed from polyglycolic acid containing at least 60 
wt.% of a repeating unit represented by the following formula (1): 



TO - CH2 - C-^ 
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wherein the container has excellent oxygen gas barrier property and/or carkran dioxide gas barrier property, and a pro- 
duction process thereof. 
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Description 

(TECHNICAL FIELD) 

5 [0001 ] The present invention relates to gas barrier multi-layer hollow containers, and more particularly to gas barrier 
multi-layer hdlow containers which comprise in conibination a layer of a thermoplastic resin such as polyolefin and a 
layer of polyglycolic add. and by which the oxygen gas barrier property and/or carbon dioxide gas barrier property of 
the thermoplastic resin layer is marl^edly improved. The gas barrier multi-layer hollow containers according to the 
present invention are particularly suitable for use as various kinds of containers for drink, food, daily needs, gasoline 

10 and the like. 

(BACKGROUND ART) 

[0002] Various kinds of resin-made hollow containers have heretofore been used as containers for various goods such 
75 as drink, food, daily needs and gasoline. Specific examples thereof include hollow containers making use of a thermo- 
plastic reski such as poiyolelln. polyester, polystyrene or polyvinyl chloride. Since these hollow containers are generally 
insufficient in gas biarrier properties such as oxygen gas barrier property and carbon dioxide gas ban-ier property, how- 
ever, they are unsatisfactory for applications to containers for drink - food, toiletry containers, etc. In order to improve 
the gas barrier properties of such resin-made hollow containers, there have thus been developed muttt-tayer hollow 
20 containers in whk;h a gas barrier layer composed of an ethylene • vinyl alcohol copolymer (EVOH). pdyamide or the like 
is combined with a layer of such a resin. 

[0003] However, the layer formed of a gas barrier resin such as EVOH or polyamide is deteriorated in gas barrier prop- 
erties to a great extent under high*temperature and high-humidity conditions. Therefore, the conventional multt-layer 
hollow containers containing these layers have been insufficient for hollow containers for goods which require a treating 
25 process under high-temperature and Ngh-hunrtidity conditions, such as retorting, goods which particularly require a 
long-term storage, and the like. 

[0004] In recent years, biodegradable polymers, for example, polylactic acid, polysuccinate, polycaprolactone, etc., 
have attracted attention as plastic materials which scarcely impose burden on the environment: Hollow containers mak- 
ing use of these biodegradable polymers are also going to be developed. However, the hollow containers formed of 
30 these t^odegradable polymers are insufficient in gas barrier properties such as oxygen gas barrier property and carbon 
dioxide gas barrier property. When layers of these biodegradable polymers are combined with the conventional gas bar- 
rier resin layers formed of EVOH. polyamide. etc. to improve their gas barrier properties, a problem of increasing burden 
on the environment has arisen. 

[0005] The present inventors succeeded in producing hollow containers having excellent gas barrier properties from 
3S polyglycolic acid. However, the mere single layer of the polyglycolic acid is not alws^s suffk:ient in, for example, mois- 
ture resistance, mechanical strength, profitability, etc. 

( DISCLOSURE OF THE INVENTION ) 

40 [0006] It is an object of the present invention to provide a gas barrier multi-layer hollow container suitatrie for use as 
a container for goods which require a treating process under high-temperature and high-humidity conditions, such as 
retorting, goods whk:h require a long-term storage, and the like. 

[0007] Another object of the present invention is to provide a gas barrier multi-layer hollow container far excellent In 
oxygen gas barrier property and cartoon dioxkle gas barrier property. 
45 [0008] A further object of the present invention is to provide a gas barrier nHJlti-tayer hollow container which scarcely 
imposes burden on the environment. 

[0009] The present inventors have carried out an extensive investigation with a view toward overcoming the ^bove- 
desaibed problems involved In the prior art. As a result, it has been found that when a polyglycolic acid layer is com- 
bined with a thermopl^ic resin layer, a gas barrier multi-layer hollow container, by which the oxygen gas barrier prop- 

50 erty and/or cart>on dioxide gas t>arrier property of the thermoplastic resin layer is markedly improved. Is obtained. 
[0010] When in the conventional gas barrier multi-layer hollow container having a container wall of the layer structure 
of. for exanpte, polyolefin/gas barrier resin/potyolefin, a polyglycolic acid layer is provided in place of the gas barrier 
resin layer formed of EVOH. polyamide or the like, a gas barrier multi-layer hollow container having excellent oxygen 
gas barrier property and carbon dioxide gas ban^ier property and sufficient properties for a container for goods which 

55 require a treating process under high-temperature and high-humidity conditions, and goods which require a long-term 
storage can be obtained. 

[001 1] When a gas t>arrier resin layer formed of EVOH, polyamide or the like is used in combination with the polygly- 
colic add layer, a gas t}arrier multi-layer hollow container markedly improved in not only oxygen gas barrier property but 
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also carbon dioxide gas barrier property can be obtained. When a layer of a biodegradable polymer such as polylactic 
acid, polysuccinate or polycaprolactone is combined with the poiyglycolic acid layer, a multi-layer hollow container 
excellent in gas barrier properties and profitability can be obtained without impairing biodegradability (decomposability 
in soil). 

5 [001 2] The present invention has been led to completion on the basis of these findings. 

[001 3] According to the present invention, there is thus provided a gas barrier multi-layer hollow container having a 
muW-layer wall structure that a thermoplastic resin layer is laminated on al least one side of a layer formed from poiyg- 
lycolic add containing At least 60 wt% of a repeating unit represented by the following formula (1): 

— P O - CH2 - C 

T " 

L o 



15 



[0014] According to the present invention, there is also provided a process for producing a multi-layer hollow con- 
tainer, which comprises respectively heating and melting poiyglycolic add containing at least 60 wt.% of a repeating unit 
represented by the following formula (1): 

to - CH2 - C 
; 



at least one thermoplastic resin, and optionally an adhesive in extruders, causing the respective resins to flow into a die 
for forming a multi-layer parison to put them together, extruding the joined resins into a multi-layer tubular parison. hold- 
ing the parison by a split mold before it is solidified, pnching off one end of the parison. and at the same time blowing 
30 up the parison up to the mold wall by introducing air into the parison, and then cooling the blown parison. thereby mold- 
ing the container. 

[001 51 According to the present invention, there is further provided a process for producing a multi-layer hollow con- 
tainer, which comprises co-lnjecting poiyglycolic acid containing at least 60 wt.% of a repeating unit represented by the 
following formula (1): 

35 

to - CH2 - c^=)- 
oT 

40 

at least one thermoplastic resin, and optionally an adhesive into a closed-end parison. blowing up the parison up to the 
wall of a mold by introdudng air into the parison in the mold after solidifying the parison once, or in a supercooled state 
or at a temperature not higher than the melting point, Tm of the parison without solidifying it. while stretching the parison 
in a longitudinal direction or without stretching it, and cooling the blown parison, thereby molding the container. 
45 [001 61 The thermoplastic resin layer may preferably be a layer formed from a thermoplastic resin selected from the 
group consisting of poiyolefin (including polyolelin obtained by using a melaHocene catalyst), polyester, polystyrene, 
polyvinyl chloride, polycarbonate, polyamide, polyurethane, ethylene -vinyl alcohol copolymers, polyvinylidene chlo- 
ride, polylactic acid, polysuccinate and polycaprolactone. 

POITI In the gas ban-ier multi-layer hollow containers according to the present invention, at least one of the oxygen 
50 gas transmission rate and carbon dioxide gas transmission rate of the container wall thereof as determined at 23**C and 
80% relative humidity (RH) may be reduced to at most a half of that of the container wall of a hollow conteiner formed 
of the thermoplastic resin alone. 

[0018] The thickness of the poiyglycolic add layer may be generally from 1 fim to 3 mm, and the total thickness of the 
multi-layer hollow container at the body sidewall thereof may be generaBy from 5 p-m to 5 mm. In the gas barrier multi- 
55 layer hollow containers according to the present invention, an adhesive layer may be provided between Ihe individual 
layers to improve interlayer adhesion. 
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< BEST MODE FOR CARRYING OUT THE INVENTION) 
Container wail structure of gas barrier multi-laver hollow container : 

5 [001 9] The gas barrier multi-layer hollow containers according to the present invention are multi-layer hollow contain- 
ers comprising at least one thermoplastic resin layer (hereinafter may be referred to as "base resin layer") and a poly- 
glycolic acid layer. As needed, an adhesive layer may be provk:led between the individual layers. The total thickness of 
the gas barrier multi-layer hollow container according to the present invention at the body sidewall thereof is generally 
from 5 ^m to 5 mm, preferably from 10 |im to 3 mm, more preferably from 20 ^m to 2 mm. If this thickness is smaller 

10 than 5 ^m, such a gas barrier multi-layer hollow container has a possibility that its strength may become insufficient. If 
the thickness exceeds 5 mm. the resulting gas barrier multi-layer hollow container becomes an excess quality, and the 
cost thereof becomes increased. It is hence not preferable to produce such a gas barrier multi-layer hollow container 
from the viewpoints of productivity and profitability. The basic layer structures of the gas barrier multi-layer hollow con- 
tainers according to the present invention are as follows. However, these layer structures are indicated with optional 

15 adhesive layer(s) omitted. The polyglycoltc acid is abbreviated as PGA. 

( 1 ) Thermoplastic resin/PGA; 

(2) Thermoplastic resin 1 /PGA/Thermoplastic resin 1; and 

(3) Thermoplastic resin l/PGATThermoplastic resin 2. 

20 

[0020] In the gas barrier multi-layer hollow containers according to the present invention, various thermoplastic resin 
layers of the same or different kind may be additionally laminated according to properties required so far as any one of 
the above-described basic layer structures is provided. No particular limitation is imposed on the method for combining 
the thermoplastic resin layer with the polyglycolic acid layer. Various processing methods, for example, a method of co- 
25 extruding or co-injecting the respective resins into a laminate, may be adc^ted. 

Thermoplastic resin layer (base resin laver) : 

[0021] Examples of thernnoplastic resins used for the thermoplastic resin layers in the gas barrier nuilti-layer hollow 
30 containers according to the present invention include polyolefin resins such as very low density polyethylene (VLDPE), 
linear low density polyethylene (LLDPE), low density polyethylene (LDPE), medium density polyethylene (MDPE), high 
density polyethylene (HDPE), polypropylene (PP), ethylene • propylene rubber (EPM), ethylene •vinyl acetate copoly- 
mers (EVAs). ethylene-acrylic ester copolymers (EEAs) and ionomers (lOs); polyester resins such as polyethylene 
terephthalate (PET) and polyethylene naphthalate (PEN); polystyrene resins such as polystyrene (PS), high impact pol- 
35 ystyrene (HIPS), styrene • butadiene • styrene block copolymers (SBSs) and hydrogenated SBSs (i.e.. SEBSs); polyvi- 
nyl chloride (PVC) resins such as rigid polyvinyl chloride and fiexble polyvinyl chloride; and polycarbonate (PC), 
polyamide (PA), potyurethane (PU), ethylene • vinyl alcohol copolymers (EVOHs) and pdyvinylidene chloride resins 
(PVDCs). 

[0022] Preferable examples of thermoplastic resins which scarcely impose burden on the environment include biode- 
40 gradable polymers such as polylactic acid, polysuccinate and polycaprolactone. 

[0023] In the gas barrier multi-layer hollow containers according to the present invention, these thermoplastic resin 
layers are used in the form of a single-layer structure or a mutti-iayer structure. It is desirable from the viewrpoints of 
processatHlity. profitability, etc. that the thickness of the thermoplastic resin layer should be within a range of generally 
from 4 Jim to 5 mm, preferably from 10 Mm to 3 mm, more preferably from 20 ^im to 2 mm. 

45 

jflrfh^give layer: 

[0024] In order to enhance the adhesion between the thermoplastic resin layer and the polyglycolic acid layer, an 
adhesive layer may be provided between the individual layers in the present invention. Examples of an adhesive used 
50 for the adhesive layer Include polymers such as carboxylated polyol^in, ^Doxidized polyolefin, ethylene •vinyl acetate 
copolymers, ionomers, polyurethane, epoxy resins, BBS. SEBS, polychtoroprene, styrene •butadiene copolymer rub- 
ber (SBR) and natural rubber (NR). 

[0025] The cart>oxylated polyolefin means a polyolefin modified with an unsaturated acid monomer such as acrylic 
acid, methacrylic acid or maleic anhydride to introduce a carboxyl group into the polyolefin. The introduction of the car- 
55 boxyl group may be conducted by either a copolymerization process or a grafting process. The above unsaturated acid 
morwmer may be used in combination with a vinyl monomer such as a methacrylic ester, acrylic ester or vinyl acetate. 
[0026] The epoxidized polyolefin means a polyolefin modified with an epoxy group-containing monomer s.uch as gly- 
cidyl methacrylate to introduce an epoxy group into the polyolefin. The Introduction of the epoxy group may be con- 
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ducted by either a copoiymerization process or a grafting process. The above epoxy group-containing monomer may 
be used in combination with a vinyl monomer such as a methacrylic ester, acrylic ester or vinyl acetate. 
[0027] Of these polymers, the carboxylated polyolefin and ethylene • vinyl acetate copolymers are particularly pre- 
ferred from the viewpoints of adhesion and processability. The thickness of the adhesive layer is within a range of gen- 
5 erally from 0.5 fxm to 2 mm. preferably from 2 jjim to 1 mm. more preferably from 3 |im to 0.5 mm. If the thickness of the 
adhesive layer is smaller than 0.5 lyim, there is a possibility that the adhesion may become insufficient If the thickness 
exceeds 2 mm. the production cost of the resulting gas barrier multi-layer hollow container is increased, and so it is dis- 
advantageous to provide the adhesive layer In such a great thickness from the viewpoint of profitability. 

10 PolyqlycQlic acid laver: 

[0028] In the gas barrier multi-layer hollow containers according to the present invention, a polyglycdic add layer is 
laminated as a gas barrier resin layer on the thermoplastic resin layer for the purpose of inproving the oxygen gas bar- 
rier property and/or carbon dioxide gas banrier property of the thermoplastic resin layer. In the case where a general 
15 thermoplastic resin l^er is used, both oxygen gas barrier property and carbon dioxide gas barrier property are 

inproved. 

[0029] The polyglycolic acid useful in the practice of the present invention is a polymer containing a repeating unit 
represented by the following formula (1): 



20 



to - CHz - C-A- 



25 The proportion of the repeating unit represented by the formula (1) in the polymer is generally at least 60 wt.%. prefer- 
ably at least 70 wt.%, more preferably at least 80 wt.%. If the proportion of the repeating unit represented by the formula 
(1) is lower than 60 wt.%. there is a possibility that the barrier properties of the resulting gas barrier multi-layer hollow 
container may be impaired. 

[0030] As examples of other repeating units than the repeating unit represented by the formula (1 ). may be mentioned 
30 a repeating unit represented by the following formula (2): 

tO-(CH2)n-0-C-(CH2)Bi-C 



40 



wherein n is 1 -1 0. and m is 0-1 0. a repeating unit represented by the following formula (3): 

(3) 



T 



O - CH C 

i II 
(CH2)3H O 



r 



45 



SO 



wherein j is 1-10. a repeating unit r^resented by the following formula (4): 



Ri 
I 

I II 
R2 o 



(4) 



55 wherein Ri and Rg are independently a hydrogen atom or an alkyi group having 1 to 10 carbon atone, and k is 2-10. a 
repeating unit represented by the following formula (5): 
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O- CHa - CH2- CH2 -O- C 




(5) 



and a repeating unit represented by the following formula (6): 



{ O-CH2-O-CH2-CH2 } 



(6) 



[0031 ] when these repeating units (2) to (6) are introduced in a proportion of at least 1 wt.%. the melting point, Tm of 
the resulting glycolic acid homopolymer can be lowered. When the Tm of the polyglycolic acid is lowered, the process- 
ing temperature of the polymer can be lowered. Therefore, thermal decomposition upon mett processing can be 
reduced. Besides, the crystallization rate of the polyglycolic acid can also be controlled by copolymerization to improve 
its extrudabiiity and stretchability. If the proportion of these repeating units (2) to (6) exceeds 40 wt.%. the gas barrier 
properties inherent In the polyglycolic acid are impaired, and there is a possibility that the toughness and heat resist- 
ance of the resulting resin layer may be deteriorated. 

(Molecular weight - melt viscosity) 

[0032] The polyglycolic add used in the gas barrier multi-layer hollow containers according to the present invention 
is a high-molecular weight polymer. The melt viscosity of the polyglycolic add can be used as an index to its molecular 
weight. The polyglycolic acid used in the present invention has a melt viscosity, t]* of generally 500 to 100,000 Pa • s. 
preferably 1 ,000 to 50.000 Pa • s. more preferably 1 .500 to 20,000 Pa • s as measured at a temperature of (Tm + 20**C) 
(i.e., a temperature corresponding to a usual melt-processing temperature) arxJ a shear rate of 100/sec. 
[0033] If the melt viscosity, r\* of the polyglycolic add is lower than 500 Pa • s, there is a possibility that a melt of the 
polyglycolic acid may undergo drawdown upon its melt-molding into a hollow container, resulting in difficulty in melt 
processing, or the toughness of the resulting resin layer may become insufficient. If the melt viscosity, r\* of the polyg- 
lycolic acid exceeds 100.000 Pa • s, a higher temperature is required of its melt processing, and there is hence a pos- 
sibility that the polyglycolic acid may undergo heat deterioration upon the processing. 

(Thermal properties) 

[0034] The melting point, Tm of the polyglycoHc acid used in the present invention is generally at least 150**C, prefer- 
ably at least ISO^'C, more preferably at least 200°C, often at least 210**C. The melt enthalpy, AHm of the polyglycolic 
acid used in the present invention is generally at least 20 J/g, preferably at least 30 J/g. more preferably at least 40 J/g. 
If the Tm or AHm of the polyglycolic add is too tow, there is a posstoility that the gas ban-ier properties, heat resistance, 
mechanical strength and the like of the resulting resin layer may become insufficient. 

( Preparation process of polyglycolic acid ) 

[0035] The polyglycolic acid used in the present invention can be prepared in accordance with, for example, the fol- 
lowing (3) ring-opening polymerization process or 0 polycondensation process. 

® The process comprises heating glycoHde (i.e.. 1 ,4-dioxane-2,5-dione) to a temperature off about 120**C to asO'^C 
in the presence of a small amount of a catalyst (for example, a cationic catalyst such as a tin organic carboxylate, 
tin halide or antimony halide) to subject the glycolide to ring-opening polymerization. The ring-opening polymeriza- 
tion is preferably conducted by a bulk polymerization process or solution polymerization process. 
® The polycondensation process comprises heating glycolic acid or an alkyi glycolate in the presence or absence 
of a catalyst to subject the glycolic acid or alkyI glycolate to dehydration or dealcoholization. 

[0036] In order to obtain a polyglycolic acid copolymer, it is only necessary to copolymerize glycolide, glycolic acid or 
an a\ky\ glycdate in accordance with the above process Q) or @ in suitable combination with, as a comonomer, for 
example, a cyclic monomer such as ethylene oxalate (i.e., 1,4-dioxane-2.3-dione), lactide, a lactone (for exarnpie. p- 
propiolactone, p-butyrolactone, pivalolactone, Y-butyrolactone, 5-valerolactone, p-methyl-6-valerolactone or e-caprolac- 
tone), trimethylene carbonate or 1 ,3-dioxane; a hydroxycarboxylic acid such as lactic acid, 3-hydroxypropanoic acid, 3- 
hydroxybutanoic acid, 4-hydroxybutanoic acid or 6-hydroxycaproic acid, or an alkyI ester thereof ; a substantially equi- 
molar mixture of an aliphatic diol such as ethylene glycol or 1,4-butanediol and an aliphatic dicarboxylic add such as 
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succinic acid or adipic acid or an alkyl ester thereof; or two or more compounds thereof. 

[0037] The polyglycolic acid copolymer may also be a pdymer obtained by subjecting the polyglycolic acid and. for 
example, another polymer ha/ing repeating units selected from the formulae (2) to (5) to transesterification under heat- 

; [SaS] Of the above preparation processes, the ring-opening polymerization process <3) is prefen-ed because a 
higher-molecular weight polyglycolic add is obtained. /?v ■ 

10039] As the glycolide (dimeric cyclic ester of glycolic acid) used as a monomer in the preparation process Q) . 9'y- 
colide obtained by "solution-phase depolymerization process" (Japanese Patent Application No. 38404/1997) deve^ 
oped by the present inventors is preferred to that obtained by the conventional sublimation depolymerization process of 

10 a glycolic add oligomer, because a higher-purity product can be mass-produced at a higher yield. The use of high-purity 
glycolide as a monomer permits the easy provision of high-molecular weight polyglycolic acid. 
[0040] According to the solution-phase depolymerization process. (1) a mixture containing a glycolic acid oligomer 
and at least one high-bdiing polar organic solvent having a boiling point witWn a range of from 230 to ASO-'C is heated 
to a temperature, at which the depolymerization of the oligomer takes place, under ordinary pressure or under reduced 

IS pressure (2) the oligomer is dissolved in the solvent unti a residual rate (volume ratio) of a melt phase of the oligomer 
reaches 0 5 or lower (3) the heating is further continued at the same temperature to depolymerize the oligomer. (4) a 
dimeric cyclic ester (i.e.. glycolide) formed is distilled out together with the high-boiling polar organic solvent, and (5) the 
glycolide is recovered from the distillate. w u. / ii, 

[0041 ] Examples of the high-boiling polar organic sdvent include aromatic caiboxylic acid esters, such as bis(alkoxy- 

so alkyl) phthalates such as di(2-methoxyethyl) phthalate. alkylene glycol dibenzoates such as diethylene glycol diben- 
zoate benzylbutyl phthalate, and dibutyl phthalate; and aromatic phosphoric acid esters such as tricresyl phosphate. 
The high-boiling polar organic solvent is used in a proportion of generally 0.3 to 50 times (weight ratio) to the glycolic 
add digomer. Polypropylene glycol, polyethylene glycol, tetraethylene glycol or the like may be used as a solubilizing 
agent for the glycdic acid digomer in combination with the high-boiling polar organic sdvent as needed. The depolym- 

25 erization temperature of the glycdic acid digomer is generally 230-C or higher, preferably 230 to 320'C. Although the 
depdymerization is conducted under either atmospheric pressure or reduced pressure, it is preferred to heat the oli- 
gomer under reduced pressure of 0.1 to 90.0 kPa (1 to 900 mbar) to depolymerize it 

[0042] As the polyglycolic add layer used in Une present inversion, a neat resin of the polyglycolic acid may be used 
by itself. However, a resin composition obtained by incorporating inorganic fillers, other thermoplastic resms, plasticiz- 

30 ers and the like into the polyglycolic add within limits not impeding the objects of the present Invention may also be 
used More spedfically, ttiere may be used a resin composition (compound) obtained by incorporating the inorganic fill- 
ers other thermoplastic resins and plasticizers in proportions of generally 0 to 30 parts by weight. 0 to 30 parts by 
weight and 0 to 50 parts by weight, respectively, per 100 parts by weight of the polyglycolic add. If the inorganic Mlers 
or other thermoplastic resins are used in a proportion exceeding 30 parts by weight, or the piMticizers are used in a 

35 proportion exceeding 50 parts by weight, there is a possibility that the barrier properties of the resulting polyglycolic acid 
layer may become insufffcierrt. or the meft processaWlity of the resin layer may be deteriorated. 
[0043] Examples of the inorganic fillers include powders, whi^wrs and fibers of alumina, silica, silica-alumina. zirco- 
nia titanium oxide, iron oxide, boron oxide, caldum carbonate, calcium silicate, calcium phosphate, calcium sulfate, 
magnesium carbonate, magnesium silicate, magnesium phosphate, magnesium sulfate, kaoho. talc. mica, ferrite, car; 

40 bon, silicon, silicon nitride, molybdenum disulfide, glass, potassium titanate and the like. These inorganic fillers may be 
used either singly or in any combinatton thereof. 

[0044] Examples of the other thermoplastic resins include a homopdymer and copdymers of ladic aad. a homopoi- 
ymer and copolymers of ethylene oxalate, a homopolymer and copolymers of e-caprdaclone. polysuccinate. polyhy- 
droxybutandc acid, hydroxybutanoic acid-hydroxyvaleric acid copolymers, ceBulose acetate, polyvinyl alcohol, stardi. 

45 polyglutamate. natural rubber, polyethylene, polypropylene, styrene-butadiene copolymer rubber, acrylonitrile-butadi- 
ene copolymer rubber, polymethyl methacrylate. polystyrene. styrene^3utadiene-styrene block copolymers, slyrene- 
ethylene • butylene-styrene block copdymers. ABS resins. MBS resins and ethylene-vinyl alcohd copolymere. These 
thermoplastic resins may be used either singly or in any combination thereof. ^ 
100451 Examples of the plaslidzers include pMhalates such as di(methoxyethyl) phthalate, dioctyl phthalate, diethyl 

so phthalate and benzylbutyl phthalate; benzoates such as diethylene glycd dibenzoate and ethylene glycol dibenzoate; 
aliphatic dibasic acid esters such as dioctyl adipate and dioctyl sebacate; aHphatic tribasic acid esters such as Iribulyl 
acetylcitrate; phosphates such as dioctyl phosphate and tricresyl phosphate; epoxy plasticizers sudi as epoxidized soy- 
bean dl; and fatly acid esters of polyalkylene glycol, such as pdyethylene glycd disebacate and polypropylene glycd 
dilaurate These plasticizers may be used either singly or in any combination Ihereol 

ss [0046] In the present invention, various additives sudi as heat stabilizers, light stabilizers, moistureproofing agente. 
waterproding agents, water repellents. liAwicants. parting agente, coupling agents, pigmente and dyes may be added 
to the polyglycolic add as needed. These various additives are used in an effective amount as necessary for the end 
applicatfon intended. 
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Physical properties of body sidewali of gas barrier multi-iaver hoHow container : 



[0047] In the gas barrier multi-layer hollow container according to the present Invention, the oxygen gas transmission 
rate and/or the carbon dioxide gas transmission rate of the body sidewali thereof is improved or reduced to at most a 
5 half, preferably at most a fifth, more preferably at most a tenth compared with the respective values of the thermoplastic 
resin layer. 

[0048] More specifically, the gas barrier multi-layer hollow containers according to the present invention are hollow 
containers at least one of the oxygen gas transmission rate and carbon dioxide gas transmission rate of which has been 
surprisingly improved by Combining the polyglycolic acid layer as a barrier property improver with a thermoplastic resin 
70 layer formed of a resin selected from, for example, polyoiefin, polyester, polystyrene, polyvinyl chloride, polycarbonate, 
polytactic acid, polysuodnate. polycaprolactone. polyamide. EVOH, polyurethane. PVDG, etc: compared with that of the 
thermoplastic resin layer alone. 

[0049] In addition, the gas barrier multi-layer hollow containers according to the present invention have a great feature 
that their gas barrier properties are scarcely lowered even when they are treated under high-tenperature and high- 
15 humidity conditions. 

Production process of aas barrier muitl-laver hollow container : 

[0050] The object of making a hollow container a multi-layer structure is to achieve required properties, which cannot 
20 be achieved by a single-layer structure, by providing the multi-layer structure. Specifically, the objects to be achieved 
include the impartment of gas barrier properties to oxygen, carbon dioxide, etc., the impartment of heat seatablltty. the 
improvement of moisture resistance, the improvement of mechanical strength, cost reduction to a great extent, etc. 
[0051] Roughly speaking, the following processes may be used as processes for producing a gas barrier multi-layer 
hollow container. 

25 [0052] "Multi-layer extrusion blow molding process" and "multi-layer injection blow molding process" may be mainly 
adopted as the production processes of the gas barrier multi-layer hollow container. Both blow molding processes 
Include "stretch blow molding process" in which uniaxial or biaxial stretching is conducted upon blow molding, and 
"unstretch blow molding process" in which no stretching conducted. The "stretch blow molding process" is a process in 
which stretching is conducted upon blow molding, thereby orienting the molecular chain of a polymer to enhance the 

30 physical properties of the polymer, such as transparency, strength, elastic modulus and gas barrier properties. In order 
to enhance such physical properties, it is essential to keep a parison at a temperature not higher than its melting point, 
txit not lower than its glass transition point, Tg upon stretch blow molding. 

< Multi-layer extrusion blow molding process > 

35 

[0053] In the multi-layer extrusion blow molding process according to the present invention, a multi-layer parison com- 
posed of polyglycolic acid, at least one thermoplastic resin, and optionally an adhesive is first formed. In order to form 
the parison. the respective resins heated and melted in respective extruders are caused to flow into a die for forming a 
multi-layer parison (usually, a circular die) to put them together within the die simultaneously or successively, and the 

40 joined resins are extruded through the die into a multi-layer tubular parison. The parison melt-exb-uded is held by a split - 
mold before it is solidified, and one end of the parison is pinched off to blow up the parison up to the mold wall by intro- 
ducing air into the parison. The t^own parison is then cooled. After the cooling, the mold is opened to take a molded 
product out of the mold. When the parison is uniaxlally or biaxially stretched in a supercooled state or at a temperature 
not higher than the crystallization temperature (Tc^) of the parison and within a temperature range somewhat higher 

45 than the glass transition temperature, Tg of the parison, a molded product uniaxially or biaxially stretched can be 
obtained. 

< Mufti-layer injection bfow molding process > 

so [0054] The multi-layer injection blow molcfing comprises injection-molding a cfosed-end parison (preform) in the form 
of a test tube by injection moWing and subjecting this parison to blow molding in a supercooled state or at a temperature 
not lower than the glass transition point. Tg of the parison. In the multi-layer injection blow molding, a method in which 
the temperature of the parison is controlled to a temperature not higher than the melting point, Tm of the parison without 
solidifying the parison after the injection molding to subject the parison to blow molding is a hot parison method. On tiie 

55 Other hand, a method In which the parison is cooled and solidified once after the injection molding, and the solidified 
parison is then heated again to a temperature not lower than Tg to control its temperature, and subjected to blow mold- 
ing is a cold parison method. The hot parison method includes stretch blow molding and unstretch blow molding, while 
the cold parison method is generally stretch blow mokling afone. 
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10055] In the multi-layer injection blow molding according to the present invention, a preform is molded from polygly- 
colic acid, at least one thermoplastic resin, and optionally an adhesive by a co-injection process, and the preform thus 
obtained is blow-molded by the hot parison method or cold parison method. At this time, stretch blow molding or 
unstretch blow molding is conducted- 

Application fields : 

[0056] The gas barrier multi-layer hollow containers according to the present invention can be used as. for example, 
hollow containers for drink and food, toiletry containers and gasoline containers making good use of their excellent oxy- 
10 gen gas barrier property and/or carbon dioxide gas barrier property. In particular, they are preferably used as packaging 
containers for goods which require a treatment under high-temperature and high-humidity conditions, such as retorting, 
goods which particularly require a long-term storage, goods which require high carbon dioxide gas barrier property, 
goods which require to lighten burden on the environment, etc. 

15 (EXAMPLES) 

[0057] The present invention will hereinafter be described more specifically by the following Synthesis Example. 
Examples and Comparative Examples, 

20 Measurino methods of physical properties : 
(1) Melt viscosity, n* *- 

[0058] As an index to the molecular weight of each polymer, its melt viscosities, ti* was measured. A crystallized sheet 
25 obtained by heating an amorphous sheet about 0.2 mm thick formed of the polymer at about 1 50*C for 5 minutes was 
used as a sample to measure the melt viscosity of the sample at a temperature of (Tm + 20^C) and a shear rate of 
100/sec by means of a "Capirograph " (manufactured by Toyo Seiki Seisakusho. Lid.) equipped with a nozzle having a 
diameter (D) of 0.5 mm and a length (L) of 5 mm. 

30 (2) Thermal properties of polymer: 

[0059] An amorphous sheet about 0.2 mm thick formed of each polymer was used as a sample and heated by means 
of a differential scanning calorimeter (DSC; TC-10A Model, manufactured by Metller Instrument AG) at a rale of 
10*»C/min under a nitrogen gas stream, thereby measuring the crystallization temperature (Tci), melting point (Tm) and 
35 melt enthalpy (AHm) of the sanple. The glass transition temperature (Tg) was measured at a heating rate of 5**C/min. 

(3) Oxygen gas transmissk>n rate (O2 transmission rate): 

[0060] The oxygen gas transmission rate of a sample, which had been cut out of a body sidewal! of each blow molded 
40 container, was measured at 23*C and 80% RH in accordance with JIS K-7126 by means of a double-side moistening 
gas transmission tester manufactured by GL Sciences Inc. to determine its oxygen gas transmission rake in terms of a 
value in a film thickness of 1 mm. 

(4) Carbon dbxide gas transmission rale (CO2 transmission rate): 

45 

[0061 ] The carbon dioxide gas transmission rate of a sample, which had been cut out of a body sidewall of each blow 
molded container, was measured at 23^0 and 80% RH in accordance with JIS K-7126 by means of a double-side mois- 
tening gas transmission tester manufedured by GL Sciences Inc. to determine its carbon dioxide gas transmission rate, 
in terms of a value in a film thidoiess of 1 mm. 

50 

[Synthesis Example 1] Synthesis of monomer 

[0062] A 10-liter autoclave was charged with 5 kg of glycdic acid (product of Wako Pure Chemical Industries. Ltd.). 
While stirring, the temperature of the contents was raised from 170*C to 200**C over about 2 hours to heat them. 
55 whereby glycolic acid was condensed while, distilling off water formed. The pressures inside the autoclave was then 
reduced to 20 kPa (200 mbar). and the reaction mixture was held for 2 hours under such a pressure, thereby distilling 
off low-boiling matter to prepare a glycolic acid oligomer. The melting point. Tm of the thus-obtained glycolic acid oli- 
gomer was 205''C. 
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[0063] A 1 0-liter flask was charged with 1 .2 kg of the glycolic acid oligomer, and 5 kg of benzylbutyl phthalate (product 
of Junsei Chemical Co.. Ltd.) as a solvent and 150 g of polypropylene glycol (#400, product of Junsei Chemical Co.. 
Ltd.) as a solubilizing agent were added thereto. The mixture was heated to about 270*'C under reduced pressure of 
5.0 kPa (60 mbar) In a nitrogen gas atmosphere to conduct "solution-phase depolymerization" of the glycolic add oli- 
gomer. Giycolide formed was distilled out together with benzylbutyl phthalate. 

[0064] Cyclohexane about twice by volume as much as the distillate was added to the distillate collected, whereby 
giycolide was crystallized from benzylbutyl phthalate and collected by filtration. The giycolide thus obtained was recrys- 
tallized from ethyl acetate and dried under reduced pressure to obtain purified giycolide. 

[Polymer Preparation Example 1] 

[0065] A PFA-made cylinder was charged with 200 g of giycolide obtained in Synthesis Example 1 . and the giycolide 
was dried at room temperature for about 30 minutes while introducing nitrogen gas therein. As a catalyst 0.04 g of 
SnCU •6.5H2O were added, and the contents were held at 170 to 175*C for 2 hours while introducing nitrogen gas 
therein, thereby polymerizing giycolide. After conpletion of the polymerization, the cylinder was cooled down to room 
temperature, and a polymer taken out of the cylinder was ground and dried overnight at about 150*^C under reduced 
pressure of about 0.1 kPa (= 1 mbar) or lower to remove a remaining monomer, thereby obtaining polyglycolic acid [Pol- 
ymer (P-1 )]. The same process was conducted repeatedly to prepare a necessary amount of Polymer (P-1), 

[Polymer Preparation Example 2] 

[0066] Polymerization and post-treatment were performed in the same manner as in Polymer Preparation Example 1 
except that a mixture of 196 g of giycolide and 4 g of L-(-)-lactide was used in place of 200 g of giycolide. thereby obtain- 
ing a glycolic acid-lactide copolymer [Polymer (P-2)]. The same process was conducted repeatedly to prepare a nec- 
essary amount of Polymer (P-2). 

[0067] The compositions and physical properties of the polyglycolic acids obtained in Polymer Preparation Examples 
1 and 2 are shown in Table 1. 



Table 1 





Polymer Pr^aration Example 




1 


2 


Composition of Mortomer (wt/wt) 


QA 


GA/LA ^ 98/2 


Polymer code 


P-1 


P-2 


T|* (Pa*s) 


4.000 


3.800 


Thermal properties 


Tg (°C) 


38 


38 


Tci (-0 


84 


77 


Tm (^C) 


221 


216 


AHm (J/g) 


72 


68 


(Note) GA = Giycolide; LA = L-(-)-Laclide. 



[Pellet Preparation Example 1] 

[0068] A small twin-screw kneader extruder equipped with a nozzle having a diameter of 3 mm was charged with Pol- 
ymer (P-1) under a nitrogen gas stream. The polymer was extruded in the form of a strand at a melt temperature of 
^ut 230*C to 235*'C. The thus-obtained strand was air-cooled and chopped to obtein Pellet (No. 1). 

[Pellet Preparation Exannpie 2] 

[0069] Pellet (No. 2) was prepared in the same manner as in Pellet Preparation Example 1 except that Polymer (P-2) 
was used, and the melt temperature was changed to about 225 to 230''C. 
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[Example 1] 

[0070] Pellet (No. 1). medium density polyethylene (MDPE; Ml = 10 g/10 min) and carboxylated polyolefin [MODIC E- 
300S, trademark, product of Mitsi±)ishi Petrochemical Company. Limited] were charged into a co-injection molding 

5 machine for 3 kinds and 5 layers and injected into a preform mold to mold a preform (outer diameter: about 2 cm; length: 
about 6 cm). The temperature of the preform was then controlled to about 120^0 before it was solidified, and it was 
inserted into a mold. A rod was inserted into the preform to stretch the preform about 2 times in a longitudinal direction, 
and at the same time bibw up it at a blow-up ratio of about 3, The thus-blown preform was then cooled and solidified to 
produce a multi-layer hollow container MB-1 (body outer diameter: about 6 cm. body length: about 10 cm, neck outer 

10 diameter: about 2 cm. neck length: about 1 cm. having a concavity at the center of the flat bottom). 

[Example 2] 

[0071 ] A multi-layer hollow container MB-2 was produced in the same manner as in Example 1 except that Pellet (No. 
IS 2) was used in place of Pellet (NO. 1). 

[Example 3] 

[0072] Pellet (No 1). MDPE (Ml = 10 g/10 min) and cart)Oxylated polyolefin (MODIC E-300S, trademark) were 
20 charged into a multi-layer cfie head (circular die) for 3 kinds and 5 layers and melt-extruded in the form of a tube to pro- 
duce a parison. The parison was held by a split mold for a bottle, and a bottom part thereof was pinched off. The tem- 
perature of the parison was controlled to about 120^C to blow up the parison at a blow-up ratio of about 3. The thus- 
blown preform was then cooled and solidified to produce a multi-layer hollow container MB-3 (body outer diameter: 
about 6 cm. body length: about 10 cm. neck outer diameter: about 2 cm, neck length: about 1 cm. having a concavity 
25 at the center of the flat bottom). 

[Example 4] 

[00731 Pellet (No. 1), polyethylene terephthalate (PET; Ml = 13 g/10 min) and carbwylated polyolefin (MODIC E- 
30 300S, trademark) were charged into a co-injection molding machine for 3 kinds and 5 layers and Injected Into a preform 
mold to mold a preform (outer diameter: about 2 cm; length: about 6 cm). The thus-obtained preform was cooled and 
solidified. The preform was then heated again to control its temperature to about 85*C, and was inserted into a mold. 
A rod was inserted into the preform to stretch the preform about 2 times in a longitudinal direction, and at the same time 
blow up It at a blow-up ra*o of about 3. The thus-blown preform was then cooled and solidified to produce a multi-layer 
35 hollow container MB-4. 

[Comparative Exanple 1] 

10074] A multi-layer hollow container MB-C1 was produced in the same manner as in Exanple 1 except that MDPE 
40 was charged into the co-injection molding machine in place of Pellet (NO. 1). 

[Comparative Example 2] 

[0075] A multi-layer hollow container MB-C4 was produced in the same manner as in Example 4 exc^t that PET (Ml 
45 * 13 g/10 min) was charged into the co-injection molding machine in place of Pellet (NO. 1). 

< Comparison of gas barrier properties ) 

[0076] The re^ective gas transmission rates of each sample, which had been cut out of body sidewalls of the respec- 
50 five hollow containers obtained in Examples 1 to 4 and Comparative Examples 1 and 2, were measured. In addition, 
MDPE and PET used In Examples 1 to 4 and Comparative Examples 1 and 2 were separately si^jecled to melt 
processing by means of a hot press and quenched to prepare respective base sheets BS-1 and BS-2 having a thick- 
ness of about 0.1 mm. The respective gas transmission rates of these sheets were also measured to compare them 
with the gas transmission rate values of the above body sidewall samples. The result are shown collectively in Table 2 

55 
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1 


Ex. 2 


ML-6 


PET/Adh/ 
PET/Adh/PET 


29/10/10 
/11/30 


1 


cn 


to 


MB-C2/BS-2 


1 


• 




Ex. 1 


ML-5 


PE/Adh/PE 
/Adh/PE 


52/12/9 
/10/50 




o 
vo 


o 


MB-Cl/ 
BS-1 


1 


1 


Ex. 4 


MB-4 


PET/Adh/ 
PGA/Adh/PET 


28/8/10 
/12/32 i 


P-1 


rs 
d 


ro 


MB-4/BS-2 


8/100 


! 7/100 


ro 

i 


HB-3 


PE/Adh/PGA 
/Adh/PE 


49/10/10 
/ 10/50 


P-1 


ro 
d 


O 
• 

CM 


MB-3/BS-1 


4/1000 


OOOT/9 


Ex. 2 


MB-2 




50/9/10 
/11/50 


P-2 


ro 
d 


O 


MB-2/BS-1 


4/1000 


OOOT/9 


Ex. 1 


MB-1 


PB/Adh/PGA 
/Adh/PE 


49/11/10 
/9/51 


P-1 


ro 
d 


o\ 
t-J 


MB-l/BS-1 


4/1000 


6/1000 


< 


1 


Code No. 


1 


Thickness {\m) 


i 

I 


ro E 
^ to 

|i 

ll 

is 

-P ^ 
<5*oo 


0) 

M E 

§f3l 


Bod^ Sldewall/base sheet 


<S 




Trananlsslon rate 
ratio of boe^ 
sidewall/base sheet 


n in 





[0077] Incidentally, the measurement results of the respective gas transmission rates of the t^ase sheets, and 
BS-2 are shown in Table 3. 
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Tables 



Base sheet 


Code No. 


BS-1 


BS-2 


Structure 


PE 


PET 


Thickness ()xm) 


100 


100 


O2 transmission rate; 23**C, 80% RH (cm^ • mm/mP • day • atm) 


70 


2.5 


CO2 transmission rate; 23°C, 80% RH (cm'^ • mm/m^ • day • atm) 


300 


20 



< INDUSTRIAL APPLICABILITY) 

[0078] According to the present invention, there are provided gas barrier multi-layer hollow containers suitable for use 
as containers for goods which require a treating process under high*temperature and high-humidity conditions, sudi as 
retorting, goods which particularly require a long-temi storage, goods which particularly require high carbon dioxide 
gas barrier property, etc. According to the present invention, there are also provided multi-layer hollow containers far 
excellent in oxygen gas barrier property arxi carbon dioxide gas barrier property. According to the present invention, 
there may be further provided gas barrier multi-layer hoHow containers which scarcely impose burden on the environ- 
ment. 

Claims 

1 . A gas barrier multi-layer hollow container having a multi-layer wall structure that a thermoplastic resin layer is lam- 
inated on at least one side of a layer formed from polyglycolic acid containing at least 60 wt.% of a repeating unit 
represented by the following formula (1): 

to - CH2 - C 
o 




2. The gas barrier multi-layer hollow container according to Claim 1 , wherein the thermoplastic resin layer is a layer 
formed from a thermoplastic resin selected from the group consisting of polyotef in, polyester, polystyrene, polyvinyl 
chloride, polycarbonate, polyamide. polyurethane, ethylene •vinyl alcohol copolymers, poiyvinylidene chloride, 
polylactic acid, polysuccinate and polycaprolactone. 

3. The gas barrier multi-layer hollow container according to Claim 1 or 2. wherein at least one of the oxygen gas trans- 
mission rate and carbon dioxide gas transmission rate of the container wall thereof as measured at 23''C and 80% 
relative humidity is at most a half of that of the container wall of a hollow container formed of the thermoplastic resin 
alone. 

4. The gas barrier multi-layer hollow container according to any one of Claims 1 to 3, wherein an adhesive layer is pro- 
vided between the polyglycolic acid layer and the thermoplastic resin layer. 

5. The gas barrier multi-layer hollow container according to Claim 4, wherein the adhesive layer is a layer formed from 
an adhesive selected from the group consisting of carboxylated polyolefin, epoxidized polyolefin. ethylene -vinyl 
acetate copolymers, ionomers. polyurethane, epoxy resins, styrene * butadiene • styrene block copolymer el^om- 
ers, hydrogenated styrene • butadiene - styrene block copolymer elastomers, polychloroprene, styrene * butadiene 
copolymer rubber and natural rubber. 

6. The gas barrier multi-layer hollow container according to any one of Claims 1 to 5, wherein the polyglycolic acid 
layer is a layer formed from polyglycolic acid having a melt viscosity, r\* of 500 to 100.000 Pa* s as measured at a 
temperature of (the melting point of the polymer + 20**C) and a shear rate of 1 00/sec, a melting point. Tin of at least 
1 SO'^C. and a melt enthalpy, AHm of at least 20 J/g. 
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7. The gas barrier multi-layer hollow container according to any one of Claims 1 to 6. wherein the polyglycolic acid is 
a polymer obtained by ring-opening polymerization of glycolide. 

8. The gas barrier multi-layer hollow container according to any one of Claims 1 to 6, wherein the polyglycolic acid is 
5 a copolymer of glycolide in a proportion not lower than 60 wt.%, but lower than 100 wt-% and at least one comon- 

omer selected from the group consisting of ethylene oxalate, lactide. lactones, trimethylene carbonate and 1 .3- 
dioxane in a proportion higher than 0 wt.%> but not higher than 40 wt.%. 

9. The gas barrier multi-layer hollow container according to any one of Claims 1 to 8, which has a layer structure of 
10 thermoplastic resin/adhesive/polyglycolic acid. 

10. The gas barrier multi-layer hollow container according to any one of Claims 1 to 8, which has a layer structure of 
thermoplastic resin/adhesive/polyglycolic acid/adhesive^ermoplastic resin. 

75 11. The gas barrier multi-layer hollow container according to Claim 10, which has a layer structure of polyolef in/adhe- 
sive/0olyglycolic acid/Mhesive/^olyolefin. 

12. The gas barrier multi-layer hollow container according to Claim 10. which h^ a layer structure of polyester/adhe- 
sive/ polyglycolic acid/acHiesive/polyester. 



20 



25 



13. A process for producing a multi-layer hollow container, which comprises respectively heating and melting polygly- 
colic acid containing at least 60 wt.% of a repeating unit represented by the following formula (1): 

to - CH2 - 



30 at least one thermoplastic resin, and optionally an adhesive in extruders, causing the respective resins to flow into 
a die for forming a multi-layer parison to put them together, extruding the joined resins into a multi-layer tubular pari- 
son, holding the parison by a split mold before it is solidified, pinching off one end of the parison, and at the same 
time blowing up the parison up to the mold wall by introducing air into the parison, and then cooling the blown pari- 
son, thereby molding the container. 



35 



40 



14. A process for producing a multi-layer hollow container, which comprises co-injecting polyglycolic acid containing at 
least 60 wt.% of a repeating unit represented by the following formula (1): 

to - CH2 - 



at least one thermoplastic resin, and optionally an adhesive into a closed-end parison, blowing up the parison up 
45 to the wall of a mold by introducing air into the parison in the mold after solidifying the parison once, or in a super- 
cooled state or at a temperature not higher than the melting point. Tm of the parison without solidifying it. while 
stretching the parison in a longitudinal direction or without stretching it. and cooling the blown parison, thereby 
molding the container. 

50 



55 
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